INTRODUCTION
Tributyltin (TBT), which is used mainly as a marine antifouling paint, has been responsible for many deleterious effects on nontarget organisms in the marine ecosystem (World Health Organization 1980 , Alzieu 1986 , Hall et al. 1988 ). Numerous studies have been carried out on its toxic effects from the molecular to the population level of marine organisms (Bryan et al. 1986 , Jha et al. 2000 , Ohji et al. 2002 , 2003a . Along with the considerable direct effects of TBT, it is also important to gain an understanding of the effects of TBT on the next generation, for example, the transfer of TBT from parent to offspring, in order to better understand the mechanisms behind the bioaccumulation of butyltin compounds (BTs) in the marine ecosystem. However, little information is presently available on TBT transfer in marine organisms from the parental female (Focardi et al. 2000) .
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Resale or republication not permitted without written consent of the publisher transfer to and accumulate in the offspring. Although it is difficult to examine the transfer of TBT from parental females to fetuses in large marine organisms, as previously reported, it is possible to evaluate the mechanism behind the transfer of TBT from parental females to offspring in smaller organisms, such as D. temmincki.
The aim of the present study was to examine the difference in the accumulation pattern of TBT and its derivatives, dibutyltin (DBT) and monobutyltin (MBT), between parental females and offspring in the viviparous surfperch Ditrema temmincki. The results provide some clues to understanding the mechanism behind the transfer of TBT from parental females to offspring in viviparous fish.
MATERIALS AND METHODS
Five parental females of Ditrema temmincki (total length, TL: 219 to 245 mm; body weight, BW: 179 to 250 g) were collected by set net at Otsuchi Bay, Iwate Prefecture, Japan, on July 23, 2003. Offspring (TL: 47 to 59 mm; BW: 0.86 to 1.91 g) were taken from these females ( Table 1 ). The number of offspring in each parental female ranged from 17 to 23 individuals. Three lots of 5 individual offspring were kept from each parent analyzed. In order to determine whether BTs in a single offspring could be analyzed, the BT concentrations in a single individual were also analyzed. Three offspring representing 3 lots of 1 individual taken from 1 parental female were analyzed for evaluation. The BT concentrations in each parental female were also analyzed. All samples were stored in a freezer at -20°C until chemical analysis.
The method used for the determination of the BTs in the biological samples was based on that of Ohji et al. (in press). The concentrations of BTs in this study are expressed as Sn 4+ on a wet weight basis for the biological samples. In order to examine the quality of the data obtained by the analytical procedure, the soft tissues of the fish were spiked with 1 µg of BTs. The recoveries of TBT, DBT and MBT were 88.9, 85.6 and 100.5%, respectively, and their relative standard deviations (RSD) were < 5%. Furthermore, quality control tests for BTs in the biological samples were carried out using certified reference material (IRMM CRM 477). Our measured values of BTs agreed with the certification values. The detection limits of each BT for a signal-to-noise ratio of 3 were 0.2 ng g -1 wet wt for the biological samples. A comparison of the BT concentrations between mother and offspring and between 1 individual and 5 individual offspring were carried out using the MannWhitney U-test (Sokal & Rohlf 1995) .
RESULTS AND DISCUSSION
The total BTs (ΣBTs = TBT + DBT + MBT) was 5.3 ± 1.1 ng g -1 wet wt (mean ± SD), and values ranged from 4.2 to 7.0 ng g -1 wet wt (n = 5) in the parental females ( Table 2 ). The TBT concentration in the parental females was 2.8 ± 1.0 ng g -1 wet wt, ranging from 2.0 to 4.2 ng g -1 wet wt (n = 5) (Fig. 1) . In the offspring, the ΣBTs was 41.3 ± 7.2 ng g -1 wet wt, ranging from 29.9 to 51.7 ng g -1 wet wt (n = 15). The TBT concentration in the offspring was 33.7 ± 5.7 ng g -1 wet wt, ranging from 24.2 to 42.4 ng g -1 wet wt (n = 15). The values of ΣBT and TBT concentrations in offspring were significantly higher than those in the parental females (Mann-Whitney U-test, p < 0.005). The ΣBT and TBT concentrations in 1 individual were 43.5 ± 2.0 and 31.4 ± 0.8 ng g -1 wet wt, respectively (n = 3) ( Table 2) . No significant differences were observed in the ΣBT and TBT concentrations between 1 individual and 5 individuals (Mann-Whitney U-test, p > 0.1 to 0.5). This result suggested that BTs could be analyzed in 1 individual only. The ΣBTs and TBT were concentrated in offspring 7 to 9 times and 10 to 16 times higher than in the parental female, respectively (Table 2 ).
In the parental females, the proportion of TBT, DBT and MBT was 51.4 ± 9.3, 20.9 ± 2.2 and 27.8 ± 7.2% of the ΣBTs, respectively (Fig. 2) . The proportion of TBT, DBT and MBT in the offspring was 81.6 ± 1.6, 13.0 ± 0.6 and 5.3 ± 1.6%, respectively. The proportion of TBT was higher than that of the parental females. The pr oportion of TBT, DBT and MBT in 1 offspring was 72.1 ± 2.6, 14.3 ± 1.2 and 13.6 ± 1.7%, respectively. No differences were observed in the proportion of BTs between 1 individual and 5 individuals. This result suggested that BTs could also be analyzed in only 1 individual. In the present study, the TBT concentrations in the offspring were 10 to 16 times higher than that of the parental females in the viviparous fish. Furthermore, the proportions of TBT in the offspring were significantly higher than those of the parental females. These results suggest that TBT was transferred from the parental females to the offspring and that there was a low metabolic capacity to degrade TBT in offspring, leading to a high accumulation of TBT. Thus, it was concluded that offspring have a higher risk of TBT exposure during their early growth stage than do the parental females. In the viviparous surfperch, the fertilization of eggs occurs in winter, and 6 mo elapse from copulation to the birth of the young (Abe 1969). During this period of gestation, the supply of materials for growth and respiration and the removal of wastes must be accomplished mainly by diffusion between the ovarian and embryonic blood stream (Webb & Brett 1972) . Since the young stay in the parental female for 6 mo, it is considered that TBT, together with nutrients, may be transferred to and accumulate in the offspring.
There is little information on the transfer of BTs from mother to offspring in marine mammals (Focardi et al. 2000) . Several studies regarding the transfer from mother to offspring of other chemicals have been conducted, e.g. trace metals and methyl mercury in the harp seal Phoca groenlandica (Wagemann et al. 1988) and organochlorines in the planktonic copepod Acartia tonsa (McManus et al. 1983) 41.3 ± 0.9 6.9 ± 0.1 2.7 ± 0.6 51.0 ± 0.7 09.9 ± 0.2 7.3 ± 0.1 O2 (1 ind.) 03 (1 × 3) 31.4 ± 0.8 6.2 ± 0.8 5.9 ± 0.9 43.5 ± 2.0 15.6 ± 0.4 9.4 ± 0.4 Table 2 . Ditrema temmincki. Butyltin (BT) concentration (ng g -1 wet wt) in both the parental females ( phin Tursiops truncates (Law et al. 1995) . McManus et al. (1983) found that in the planktonic copepod A. tonsa, polychlorinated biphenyls (PCBs) in the parental female were released with eggs, which are rich in lipids and provide a sink for hydrophobic compounds such as PCBs and polycyclic aromatic hydrocarbons (PAHs). Di Pinto et al. (1993) also suggested that depuration of PCB via egg production ultimately leads to significantly higher mortality among nauplii. Since TBT is also a hydrophobic compound, it may unite with the lipids in eggs. Therefore, TBT might be transferred to eggs, leading to high mortality of the eggs and/or the young in viviparous fishes such as Ditrema temmincki. It has been reported that TBT causes many deleterious effects to nontarget aquatic life at the early developmental stage (Ohji et al. 2002 (Ohji et al. , 2003a . Some information is available on the effects of TBT in marine fishes (Fent & Meier 1992 , Grzyb et al. 2003 . In the viviparous surfperch, it is possible that TBT affects survival and growth during the early growth stage of the offspring while they are in the parental female.
In conclusion, our results suggest that TBT is transferred from the parental female to the young and that the offspring have a lower metabolic capacity to degrade TBT than their parental female, resulting in a high accumulation of TBT. Offspring have a higher risk of TBT exposure when in the ovary than the parental female. Therefore, viviparous surfperch are considered to be at a high risk of TBT exposure in the coastal water ecosystem.
